INTRODUCTION
Olecranon fractures are common injuries and constitute 10% of upper extremity fractures. 1, 2 These fractures commonly occur due to a direct impact to the point of the elbow or a fall onto an outstretched hand. Its subcutaneous location makes it vulnerable to direct trauma.
Olecranon fractures may also occur from a forceful triceps contraction against a fixed ulna. These fractures range from simple non-displaced fractures to complex fractures with dislocations of the elbow joint. Plain radiographs are commonly used to diagnose and plan management. CT scan may be required, in some cases, to assess the severity of the injury and plan fixation. 3 Management of olecranon fractures with tension band wire fixation is indicated in simple displaced fractures and was first introduced by Weber and Vasey in 1963. 4 This procedure, however, has a high prevalence of metalwork removal due to metalwork irritation. Metalwork irritation may be caused by Kirschner-wires loss of fixation and backing out of the insertion site. 5 Our study evaluates TBW fixation of the olecranon in terms of bone union, surgical complication and percentage of secondary operations of metalwork removal.
METHODS
We retrospectively studied 52 patients with olecranon fractures who had TBW fixation between January 2011 and January 2015. All patients had isolated and closed olecranon fractures with no concomitant osseous injuries of the elbow. Open fractures were not included in this study.
The mean waiting time was 2.5 days, ranging from 1 to 8 days. Operations were performed either under general anaesthesia with local anaesthetic infiltration or regional block. Operations were performed in a lateral decubitus position using a pneumatic tourniquet. The mean tourniquet time was 45 minutes.
Through a posterior midline incision, the fracture was exposed with the proximal end curving to the lateral aspect of the olecranon. The operative technique involved two parallel K-wires that were inserted from the tip of the olecranon into the ulna, and a figure-of-eight cerclage wire. The proximal ends of the K-wires were bent, and the cerclage wire was inserted through a predrilled transverse hole in the distal fragment and under the triceps tendon. The K-wires were then tightened to create inter-fragmentary compression in the figure of eight formation as shown in Figure 1 . For antimicrobial prophylaxis, Cefuroxime was used intravenously, with 1.5 g injected intra-operatively and 0.75 g injected after 8 and 16 hours. The operated arms of all patients were put in broad arm sling post-operatively. They were allowed immediate post-operative wrist and hand exercises. Patients were followed-up two weeks after surgery in outpatient clinics, where they had a wound checks and further instructions to start gentle elbow exercise. All patients had post-operative physiotherapy as per our local physiotherapy protocol.
The mean follow-up time was 36 months (ranging between 6-48 months). Minimal follow-up was 6 months or until further operative intervention was required. During the follow-up period, radiological union and implant failure or reduction loss were evaluated with elbow radiographs on anterior-posterior and lateral views. None developed wound infection or wound breakdown post-operatively. There were no recorded instances of ulnar nerve damage, myositis ossificans, or deep infections. There were also no cases of skin perforations by K-wires.
RESULTS

This
Complete union was achieved in 49 (94%) cases and three patients (6%) developed non-union during the follow-up period. In the 49 cases; Anatomical reduction from time of surgery was maintained in all patients during follow-up. All patients were reported to have full supination, pronation and mean flexion arc of 10 to 130 degrees (+/_ 10).
Sixteen patients (31%) required metal work removal. Thirteen cases of the removed metalwork were type IIA and 3 were type IIB. In 14 cases (12 type IIA and two type IIB), the reason for removal of metal work was direct complaint from the patient, and in two cases metal work failure was reported as shown in Figure 4 . The technique of TBW fixation was also reviewed. In the use of the figure of eight formation, 17 patients had TBW with one knot while 35 were tightened using the two knots technique as in Figure 3 . K-wire formation technique also differed with 29 patients had K-wires inserted intramedullary versus 23 patients with K-wires inserted to reach the anterior cortex as in Figure 3 . Furthermore, 30 patients had K-wires left proud and 22 K-wire fixations were put flush as in Figure 3 . Metalwork removal was also analysed, and it was found that 82% of the removed metal work was fixed using two knots. 70% their K-wires were placed intramedullary and 61% had the K-wires left proud as presented in Figure 5 . 
DISCUSSION
The final results in our study are considered to be satisfactory when compared with that of previously published literature with metalwork removal percentage ranging between 9-91% and an average number of 36 patients as given in Table 1 . Based on our review of the literature, we can confirm a high rate of metal work removal. This would discourage surgeons from using this technique and subsequently, modifications of the TBW technique has been suggested by several authors with emphasis towards minimizing backing-out of K-wires. [14] [15] [16] [17] A study by Jensen and Olsen (1986) found a 79.2% overall removal rate of metalwork. They found that the primary concern was the backing-out of K-wires and recommended modifications of the technique. 18 These suggested modifications included looping of the proximal end of the K-wires instead of bending them, or, alternatively, using Netz-pins. 17 Netz-pins are 2.0-mm-diameter stainless steel pins with a 1.1-mm-diameter hole drilled perpendicular to the long axis in the proximal end to pass the cerclage wire through it and hold the pins in place, thereby preventing backingout. Netz and Strömberg (1982) used Netz-pins in their patients instead of K-wires, and achieved no reported cases of backing-out, with only 20% of metalwork removal. 17 Conversely, Larsen and Lyndrup (1987) used Netz pins and reduced their overall removal rate from 68% to 52.4%. 19 In another study by Larsen and Jensen (1991), 20 patients operated on with TBW and a modification of the Netz pin (consisting of flattening around the hole of the proximal end of the pin) achieved no cases of backing-out, but had a final metalwork removal rate of 70%. 20 The AO recommends using a drill guide to introduce the first 1.6 mm K-wire medially through the head of the olecranon . 21 This involves aiming of the drill towards the anterior cortex, passing as close as possible to the joint. One is then advised to leave enough space on the lateral side for the second K-wire. Then, it is advised to drill both cortices. Just after drilling the anterior cortex, the Kwire should be drilled back approximately 1 cm. This is required as the proximal bended ends of the K-wires will finally be hammered into the bone and the distal ends should not protrude into anterior soft tissues. The K-wire is then cut obliquely 2 cm from the bone using the wire cutters.
Although studies have concluded no difference in complications or metalwork removal rate in the placement of the K-wires in TBW for olecranon fractures, our study has found 70% of those who had TBW required metal work removal, their K-wires were placed intramedullary. 7 In addition, Mullett et al (2000) studied the effect of K-wire position on backing out of Kwires in a group of 80 patients with closed transverse olecranon fractures with a minimum follow-up time of 9 months. 22 The rate of wires backing out (as seen on Xray) was three times greater in patients who had K-wires passed down the long axis of the ulna rather than the AO recommendation of across the anterior cortex.
Studies have also found that the use of the figure of eight formation with two knots produces a symmetric tension at the fracture site and provides more rigid fixation than the use of a single knot. 23, 24 However, in our study we found that 82% of the removed metal work was fixed using two knots. We have found that having two knots will increase the chances of having metal work irritation whereas our patients with one-knot figure of eight formation did very well with a low percentage of metalwork removal.
CONCLUSION
It is our opinion that TBW of olecranon fractures yields reliable results in terms of fixation and healing, and does not possess a high rate of complications. However, the high rate of removal of metalwork may justify the exploration of other methods of fixation. We recommend when performing TBW fixation for olecranon fractures; the figure of eight should be tightened with one knot, the K-wires should aim for the anterior cortex, and the Kwires should be flush to reduce the chances of metal work irritation and backing-out of K-wires.
